Abstract-The inclusion of ethics education in engineering courses has been recognized as fundamental. However, in Portugal this training component is present only in a small number of courses. Teachers are mainly responsible for building the curriculum, but students are the ones most affected by this absence of ethics education. In this context it is necessary and important to understand students´ perspective, because their role is vital in the curriculum construction´s success. It is in this framework that this investigation listened to engineering students' voice as a factor to consider in the rethinking of engineering course curriculum in the ethics education area. This study highlights the concept that students have of engineering action, their perspective about the possibility of their courses to include ethics training and its practical implementation. This research is part of a case study and research-action. The results indicate that students are very receptive to this training component, and they consider that it should be included as mandatory in engineering courses. The results also show that students prefer a more practical training with 'prescription' characteristics and that their perspective of engineering action consequences is very limited. These results reinforce the need for ethics education that promotes a wide scope critical reflection.
Introduction
In the contemporary context, according to [1] , engineering is probably the professional activity with the greatest impact on society. In fact, the presence of engineers' action is so incorporated into the day-to-day, that society has become dependent on engineering, without really being aware of its action. Even though, engineering fosters action, progress and well-being, but it also involves a dangerous and even life threatening side.
It becomes evident that the technical knowledge that engineers receive as part of their course is "powerful" [2] , but raises the question of how this knowledge is being used [3] . It is not enough to provide the tools, it is also necessary to teach them how to use them for the common good [3] . For such, several authors and organizations merely at social development, but also at youth development, so this is also in the students' personal interest.
1.2
Should ethics education be integrated into the engineering curriculum?
Reference [3] and [15] argues the need for higher education to promote the ethical education of their students. According to [3] , it was found that primary school education and high schools have little influence on students' political beliefs and values. This reinforces the role that higher education can and must have in order to promote the ethical development of their students. Thus, the author argues that higher education should not be limited to a database, but should promote and develop skills so that their graduates can act in the world with reflection and wisdom. With this goal in mind, the author believes that higher education should promote the moral, civic and political development, which implies the ability to develop a more sophisticated and conceptually more advanced understanding of the social complexity and of the ethical concepts, which will result in greater intellectual growth.
It is also important to note that, according to [16] , moral development is part of identity and personality development. For this author, in contemporary society, the content selection process that defines the identity and is associated with ethics, moral development and motivation, only occurs in emerging adulthood that is between 18 and 25 years old. As per this data, mostly higher education students are still in this ethical and moral development phase which is of vital importance and a reference to their values and respective identity integration.
This author also states that "the level of integration of moral knowledge in identity seems to vary according to motivation" [16] . Thus, taking into account the age range of the majority of higher education students, the (theoretical and practical) ethics and moral education is relevant, in order to provide greater moral identity and integrity, the main predictors of moral motivation in future actions.
Various methods are used in higher education to promote ethics, civic and students' deontological education [3] [17] [18] . Within the engineering courses, according to [18] , there are 3 main methods: Specific Curricular Units (CU); Modules that have a large amount of technical areas in the (CU), and that deal with specific cases (for example, lectures); Short training inserts in the various CU that are part of the curriculum.
However, it is necessary to consider that ethics education can be promoted as an ethical training focused on deontological ethics (based on the duties set for professional codes), and as such more individual and normative; or in a broader aspect of ethics, that is not limited to professional codes or individual action, but includes the social, political construction, incorporating the collective dimension, social and environmental in the present and in the future. The conception of engineering and of the consequences of its actions, are one of the most crucial aspects in the choice of ethics education profile for engineering students. A conception in which the role of the engineer is confined only to the technical sphere, will lead to a delimited deontological training; and a broadened conception in which engineering is recognized as having an active role in the social-political level, will lead to a wider and deeper ethics training.
1.3
Should ethics education be included in the engineering course curriculum? What do students think about this?
The following highlights the importance of the teachers' role in curriculum development and as such in the inclusion, or omission, of ethics education in engineering courses. While teachers are the main curriculum builders, students are also involved in this process [6] . On the other hand, students are the ones mainly affected by the absence of an ethics educational project within their courses. These two aspects show the need to take into account the point of view of engineering course' students about the inclusion of ethics education in their course.
According to [20] , it is necessary to take into account the students' perspective to improve their course curriculum and results, it is therefore essential to speak with them, listen to their voice, because their voice has a strong transforming potential [21] . However, it is also necessary to take into account that students are often unaware of the various curricular possibilities, as well as the values and concepts underlying them [21] .
It is therefore important to investigate the students' perspective on this issue: they consider ethics education has necessary or useful in the engineering courses? It should also be investigated if they are receptive to this training area or if they consider that this is inadequate, because they are already adults with moral and ethical principles? Lastly, how do they think this training field should be implemented and put into practice?
It is also important to know the concept that students have of engineering, as this will influence their perspective about ethics training. Knowing the conception of engineering and the consequences of its action allows conceiving an ethics training that is more adjusted to the students' needs.
So, the present study fits within this context and aims to listen to the students' voice in order to investigate:
• Students' conception of engineering´s action in society;
• Students' perspective on the inclusion of ethics education; • Students' perspective on the practical implementation of ethics training; • Students' perspective on the topics to be included in ethics education.
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Methodological options
These objectives fall into a quantitative and interpretative perspective [19] . The framework in the phenomenological interpretative perspective is associated with the guidance that underpins the research and the object of analysis and not only with the specificity of the methods.
Thus, in the present research, a volunteer student group belonging to engineering courses that do not include ethics education in their curriculum was interviewed.
The study included ethics training and a debate, allowing students a better mastery of the topic in question, so that students aren't restricted in their expression due to the limited conceptual domain of the subject under study. It is therefore a case study [22] which is both research and ethics education, and as such with a potential for social transformation, i.e. a research-action [23] .
Given the characteristics of the study, the intention is not to make a statistical generalization of the results obtained, but instead, to hear the students´ personal voice that leads them to reflect and comment on curriculum construction. This action can already be considered a form of ethics and civic education.
Study Implementation
Twenty five polytechnic higher education engineering course volunteer students were part of this study. The choice of the institution selected for this study was based on the researcher's convenience. The courses' choice for the study was done selecting a curriculum that did not include any CU or other explicit form of ethics education, so as not to influence the students to the use of any specific form of ethics education.
The study took place in two phases: initially, before the training, the volunteer students answered a pre- A content analysis procedure was used in this study to analyse the data collected (for open answers) to find out what the students' views and perspectives were. The use of content analysis is based on its ability to interpret perspectives, as well as their versatility [24] . A descriptive statistical analysis of the answers was also done.
The group was composed of 25 students, from 3 engineering areas (electrical engineering, biomedical engineering and electro-mechanical engineering) from licentiate and Masters Degree.
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Results and their Analysis
The students' conception of engineering´s action in society
Before the training, students responded to a survey aimed at finding out their perspective on: the engineering action in contemporary society; positive and negative contributions; and about the most important values in the performance of the engineering profession.
Relative to the most important values for the practice of the engineering profession, Figure 1 shows the results in the categories identified in the responses.
From the analysis in Figure 1 it can be concluded that the students had mixed responses, values, skills and/or competences, by mentioning, for example, the "ability to work as a team", of "being proactive" or "meet objectives" as important values for the engineering. Thus, 29% of the students reported that the most important aspect is to be able to work as a team, and 22% reported honesty, responsibility and humility as indispensable values to this professional activity. Followed by professionalism and respect, in 18.5% of the responses. Also highlighted is the fact that students consider the capacity or competence to work as a team, as being most important in the face of so many values such as honesty or justice. It can also be stressed that 7.5% of the answers considered that the most important value for an engineer is, ambition, and that 3.7% consider it important that the engineer be "meet objectives". Most of the answers submitted are indicators of the engineer's perspective as a technical instrument [26] , and as such to be technically competent, and not as an actor who intervenes in the social construction, and as such without the need of ethical and moral values.
To better clarify what perspective students have of engineering, they were asked to choose the phrase that best defined the importance of engineering in society. These results show that the majority of students (52%) identifies themselves with the ideology of progress [26] , which gives engineering the role of being the engine behind development and progress. The second most selected option (22%) corresponds to the belief in the technical and scientific development ideology [26] , in which this is seen as a good in itself. The option least selected (11%) corresponds to the ideology of economic development, in which engineering is seen as fundamental to the entire production process [26] . The option corresponding to the ideology of creativity was chosen by 15% of the students. Most answers highlight not only the belief in the progress ideology, but expressed as well the belief that the potential of engineering is limitless. Students were also asked about the image that society has of engineers. 80% of students considered that the image is very positive and only 20% consider it a negative image. Some of the answers demonstrate the extremely positive belief that the students themselves have of Engineering: "they are well regarded by society as it is a profession that creates many jobs and brings to the citizens new technologies and wellness"; "I see them as people in our society that help promote the development of the country and solve the practical problems of our society"; "these are people with a lot of knowledge in their area, with huge capabilities to contribute to the progress and development of technologies or even to humanity". These responses also show their belief in the ideology of progress.
14.8% of the students did not reply to the open question about the best impact/influence of engineering in society. From the responses obtained a set of 10 categories was identified, the results are shown in Figure 2 . The category most referred to where engineering is making the strongest contribution to society was quality of life improvement and well-being (47.8%). Some answers highlight the high expectations of students: "engineering has a great impact on society, as it allows increasing the standard of living and welfare of the people, regardless of the area or the planet where they are living"; "I think engineering has an impact throughout society, which would not even exist without the contribution of engineering"; "the greatest contribution of engineering is to turn fiction into reality". These replies strengthen the perspective of the belief in the progress ideology and the unlimited nature of engineering potential.
The students were also asked about what the worst impact/influence of engineering on society was. From their answers 13 categories were identified which are shown in The response of 43.5% of the students referred to the worst impact, as being pollution, followed by armament (17.4%) and 13% of the choices were social dependence on technology, the dehumanization of society and an incentive to greed. It should also be noted that 8.7% of students reported that Engineering has no impact or negative influence on society.
One of the answers absolves engineering of any wrongdoing: "the worst impact is not created by engineering, but by the people who channel their knowledge to harm humanity". Another answer shows a more complex association between different levels of impacts that interrelate: "I think engineering leads to evolution, which awakens the consumerism and ultimately creates inequality, because the developments are always more accessible to social groups with higher purchasing power; and more and more people tend to think of evolution as a way to get rich and not to help others ".
In synthesis, they were asked if they thought engineering contributes to a "better world" and if so how. The answers highlight the belief in the supremacy of Engineering: "without a doubt. Where would we be today without engineering? Engineering came to bring a great development and make daily life a lot better for all inhabitants of the planet"; "yes, without a doubt, its contribution brings people happiness, making them dream"; "yes, it increases time and quality of life, facilitates rapid knowledge sharing and information and all this makes the world a better place"; "yes, with engineering its possible for humanity to evolve". However, some responses recognize some doubts: "engineering can create a near-perfect world, but people have a duty to continue to be human and not let everything turn into machines"; "I think so. At a time when there are actual facts that the world is getting worse at our expense, engineering is being redirected to what is correct for the world, rather than to what is comfortable for us. "
One reply highlights the belief in the neutrality of Engineering: Engineering "does not contribute to a better or worse world. Contributes above all to people´s needs ". 
Students' perspective on the inclusion of ethics education
Before and after training students were asked what they thought about the possibility of including ethics education in engineering courses. Results show that before training, the majority (89%) of the students thought this training component should be included in the curriculum, and some of them state that it should not only be in their course, but in all higher education courses. However, 11% of students stated that they did not know because they consider themselves unaware of the matter.
After training, the results show that 100% of students consider that ethics education should be part of their course. On one hand, the training clarified that some students had doubts about it, on the other hand it increased the degree of belief that many students, manifested through expressions and answers that went far beyond a simple "Yes" (which was the most frequent response prior to training). This strengthening conviction was expressed by statements such as: "Undoubtedly yes", "yes, no doubt"," yes, it´s a must!","Yes, I think it is a fundamental curricular unit", "Yes, without a doubt".
Students' perspective on the practical implementation of ethics training
As mentioned in the introduction of this study, the recognition of ethics education being needed in higher education courses seems to be quite consensual, but there is no consensus concerning the practice of such training [7] . Thus, the students (who are the ones who have the most to lose or gain in this process) were asked about the practical way this training should be implemented. This question was asked before and after training.
From the results it appears that prior to training 48% of the students thought that this educational component should be incorporated into the curriculum as a compulsory CU. The remaining students' answers were broken down as follows: 7.4% believe it should be an optional CU; 14.8% think it should be extracurricular training; 22.2% thought it should be as some form of short training; and 18.5% believe it should training distributed throughout the various technical CU (note that the sum of these values exceeds 100% because some students had more than just one answer).
After the training, all options decreased significantly, except the conception of ethics education based on a compulsory CU, which increased to 52%.
Students' perspective on the topics to be included in ethics education
During the training six topics were addressed: Ethics and moral concepts; Framework and ethics, historical evolution; Contemporary ethics; Engineering action consequences on society and the environment; "Ethics for engineers" [1] ; Professional Code of Ethics (from engineering professional entities).
After the training, the students were questioned about the training usefulness for their personal life and their future professional life. The results show that none of the students feel that the training was useless or of little use. As per whether or not it was useful for their personal life, 24% considered it fairly useful and 76% very useful.
Pertaining to how useful it was for their future professional life, 8% considered it fairly useful and 92% very useful.
In order to investigate whether the training in question had brought something new to students, they were also asked if the training allowed them to discover, learn or understand any subject they deemed relevant. 60% of the students answered that the training allowed them to discover, learn or understand some issues they considered relevant, and 40% that the training allowed them to discover, learn or understand many relevant issues.
As to better understand what topics students considered most relevant to ethics education in engineering courses, students were asked which topics they would exclude from the ethics education, and what topics should be included. The answers are presented in Figure 4 . Fig. 4 . students answers (% of total students): "From the topics covered in the training, which would you remove and which ones would do you consider most important?" [27] .
The results show that students consider all topics are important, and only in one case -Historical ethics framework -the number of those who removed this from the training was greater than those who considered it important. However, the difference between those who would exclude it and those who consider it important is only 4%, which corresponded to one student´s answer.
It should also be noted that the least valued topics are the most theoretical, and the most valued are those that demonstrate the practical application of ethics to real engineering case scenarios. This fact is consistent with the profile of engineering students that, in general, value more the practical component of their course. In this sense, students often expect (and are used to) follow rules and procedures that act as "prescriptions" for action, not to reflect and critically and theoretically analyze multifaceted and complex issues.
Thus, it is necessary to take into account that, in general, engineering courses do not encourage reflective practice, and that, on the contrary, often favor knowledge' memorization and mechanization [25] , in the application perspective and not of reflection. This increases the difficulty of students in broadening their vision beyond the Students were also asked about the negative aspects of the training and improvements to be implemented in future editions. The main suggestions were that the number of examples and discussion of "real life" case studies ("Increase analysis / case discussion of real life (what you would do if....)") should be increased. This aspect is consistent with the perspective of a "prescription" training type already mentioned and the indication that it should have less theoretical issues.
Another aspect mentioned was the fact that the training was very short (8h) and being that it was so limited there was no time for all participants to share their views ("I think it should be mandatory). If it is not possible, at least it should be longer so as to give students more time, to share their opinions, which will create an opportunity for these issues to be further discussed. ").
Conclusions
The results show that the conception of engineering action that students defend is based mostly on the ideology of progress, and that the action of engineering is regarded as essentially positive and unquestionable. They also consider that the engineering potential is unlimited and features a limited awareness of the possible consequences in the various social-environmental areas. In this context, their answers were limited to the most obvious consequences: quality of life improvement/well-being as a positive effect, and pollution/armament as negative. However, only a very reduced number of students referred to the fact that the benefits (in terms of quality of life and well-being) are not accessible to all people, or the nefarious connection between the economic exploitation of the technology created by engineering and the social and moral behavior change.
These aspects reinforce the need for students to have ethics education, in order to broaden their awareness of the limitations and potential social-environmental consequences of the various ideologies that are associated with engineering, promoting the recognition of its role within the complex contemporary sociopolitical construction. Thus, these results reinforce the need for engineering students' ethics education to promote critical reflection on the action of engineering and on the concessions that are associated with it, for example, through the study and reflection of engineering history.
The results also show that the engineering students who participated in this study consider it necessary to incorporate ethics education in engineering courses, as a compulsory Curricular Unit.
It also shows that some students had doubts about this issue, since they do not consider themselves well-informed about the subject in question. In this sense, the training implemented during the study provided the students' with clarification and exemplifies some important themes that can be incorporated into the ethics education of engineering students. The results show that this training was a clarification that result-ed in students' greater conviction about the importance of incorporating ethics education in the engineering curriculum, and increased the demand for a mandatory ethics education in Curricular Unit format.
Thus, these results question the argument that higher education students, as adults, are unreceptive to this training area [7] . This aspect is also highlighted by the voluntary and significant students' participation in the proposed ethics training referred in this study.
The results also show that students believe that the ethics education domain is useful for both: their personal life and professional future. The students considered the ethics education they attended as a learning opportunity for relevant issues, which reinforces the conclusion that they are receptive to ethics education, and that it can bring learning opportunities, reflection and "broaden horizons", and as such, have the potential to be a strong personal and professional ethics development tool.
The results also indicate that the students in question value a more focused training in practical cases and its discussion, and place less importance on the theoretical foundation component and understanding of the ethical currents. This indicates a "prescription approach" and less of a theoretical / reflective perspective. This view may be rooted in the engineer conception of being just a technical tool, and not as strong sociopolitical co-builder. In this sense, the central concern is more focused on a concrete, practical issues response, than a "sense of the world" reflection that theoretically justifies a particular direction for social construction evolution. This result is in accordance with the concept and perspective that engineering students have expressed, which does not evidence a potential action at the sociopolitical level, but only technical and at the economy and well-being level. These results reinforce the need of rethinking engineering education that incorporates the ethical education of its students and that promotes a wide critical reflection enabling them to become aware of the role that engineering plays in different domains: social, political, economic, environmental, moral, etc.
Given the small group size and the fact that 76% of the study participants were male and predominantly from the electrical engineering area, it will be necessary to continue the study with participants from both genders and different engineering areas.
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